Effi cient movement of blind people at the railway station is associated with knowledge of the facility, location of important architectural elements as well as knowledge about hazards and dangerous places. Th e source of information in this fi eld are tactile graphics being a plan of the facility. To fulfi l their role, the tactile graphics must be made according to the same principles and allocated at appropriate and accessible places of the station. Th e article presents an analysis of this topic based on the conducted studies and evaluations. Final conclusions on the tactile guide system were clarifi ed and they are addressed mainly to the station infrastructure managers and designers.
Introduction
Any dysfunctions of vision are a growing problem of humanity. Th is applies particularly to developed countries, and results, among others, from population aging, the negative environmental impacts (e.g. the use of monitors, staying in air-conditioned rooms), as well as the occurrence of various diseases (e.g. cataract, glaucoma, retinal diseases, macular diseases, advanced myopia or optic atrophy). Th e Central Statistical Offi ce data [2015] show that there are more than 1 million 800 thousand visually impaired people (4.74% of the population) in Poland.
Availability of transport infrastructure for the blind and visually impaired people depends on the creation of the right conditions for safe movement within the designated pedestrian routes. Such sequences are called: routes free from obstacles. Th e guarantor of the security are warning strips; such areas require intensive attention from travellers. An effective approach to destination is ensured by a tactile path [8] .
Tactile graphics 3 (plans and tactile diagrams) play an important informative role, whereby it is possible to know the arrangement of individual elements of the railway station. It is well known that the graphic presentation of information is much better than a most accurate description [1] .
In addition to warning belts or tactile paths, which are perceptible by the feet or by the walking stick of blind person, there is a group of informative signs read by hands. According to [7] "(...)At the fi ngertips there are tactile receptors (the so-called Pacinian cells), which quickly record any surface bulging. Th e touch impressions can be a carrier of information, allowing blind people to read through their fi ngers. Th e convex letters and texts written using Braille 4 alphabet are used for this purpose; they have larger dimensions than those used for sighted people."
It should be emphasized that in addition to the convex letters, the blind people can distinguish the shapes of the drawings. Th is capacity has been used to read convex drawings and diagrams. Additionally, diagrams placed on a contrasting background provide facilities for the visually impaired or colour -blinded people.
Given the above, a graphical description of the area has to be used in a simplifi ed manner in order to streamline and facilitate the movement of travellers within the area of the station, Tactile Maps are an important support in the acquisition of knowledge 1 Ph.D. Eng.; Instytut Kolejnictwa, Zakład Dróg Kolejowych i Przewozów; e-mail: j.polinski@ikolej.pl. 2 M.sc. Eng.; Instytut Kolejnictwa Zakład Dróg Kolejowych i Przewozów; e-mail: kochocinski@ikolej.pl. 3 Tactile graphics are wide range of techniques to highlight images that take into account the specifi city of the sense of touch without focusing on details and highlighting the elements, which are the most important for the image as well as the eff ect of their application [9] . 4 Braille alphabet (or Braille) corresponds to black printing alphabets (graphic). It involves the use of 64 combination of convex dots through six points arranged in two vertical columns, three points each. Th e term "Braille language", is not the proper term [9] . [4] . In Poland, there is no regulatory guidance related to construction, displaying and extensive use of tactile graphics in transport infrastructure. Hence railway facilities, even recognized as fully adapted to people with disabilities, do not have the information carrier for the blind and visually impaired people. Th ere are the fi rst attempts to construct such sources of information, however their structures characterize the lack of consistency in the used graphics.
Features of correct tactile graphics at railway stations
Any plan or scheme describes the environment through a variety of signs and symbols. Th ey are not the exact copies of all the elements of space, but a simplifi ed reality, showing the location of the most important objects and places for the traveller. As indicated by, information delivered by the tactile graphics should include the mutual arrangement of the most important elements of the station and point the way to reach a certain place [6] .
Properly prepared graphics for blind people should have a few important features that support their usefulness in terms of providing information. Th erefore, good tactile graphics must have the following properties, such as:  Appropriate legibility comes down to the simplest forms of exposing important information. According to Czerwińska [3] "(…) it is necessary to present the facility in the terms of the most favourable way for observation based on touch, e.g.: the main parts should be clearly visible, and the individual elements cannot overlap. (...). it is not advisable to use drawings of perspective, axonometric or ideograms, since such conventions are too diffi cult to read by touching. It is important to keep to the correct shape and proportions of the facility, that should be presented in a manner as close as possible to the real. " It should be avoided the presentation of details, because their excess reduces a readability of drawing.  Attractiveness comes down to prepare tactile graphics on a suitable material, in a friendly way for the future users (the convexity to be read by touch has to possess an adequate height, be not rough, sharp and do not have complex shapes).  Durability as an essential factor for permanent use; all fi gures should be embossed on the material resistant to abrasion using the convex inscriptions and symbols. At the same time, diagrams exposed to changing weather conditions (placed outside the roofi ng) should be made of corrosion-resistant material.  Consistency comes down to the use of identical signs depicting the same facilities (e.g. the stairs, the lift s, the tactile paths). Keeping the same rules makes easier to understand the information provided on a various tactile graphics.
Due to the fact that on the rail network there are railway stations which were modernized or built from the scratch, as well as there are the old buildings that are not planned to be modernized in the near future, tactile maps may be made in two ways, i.e. including:  a graphic presenting the path system or touch paths, so that the blind have the opportunity to learn about their course and about the obstacles occurring on the route (eg. stairs) or about occurring facilities (escalators and ramps, mobile, lift s), as well as to realize the distances from each object in the facility;  a graphic, which shows diff erent objects of the station together with the reference points, such as walls, roads, green areas. Th is type of tactile graphics applies mainly to the places with no leading path and a blind passenger will be forced to follow, the so-called, natural reference points indicated on the plan. Recently, the trend is observed to use such plans on those stations where tactile paths are installed. In such cases, they are applied to the tactile graphics.
Basic requirements for tactile graphics on railway station
Conducted recognition on today's design of railway stations in various countries shows that creating such plan is worth remembering that such source of information could serve all travellers. Hence, in recent times more and more common universal schemes are in place, Tactile graphics for blind people has been combined with a package of information for other travellers. Th erefore, next to the convex drawings and inscriptions made by using Braille, there were colorcoded graphics and traditional descriptions.
Th e scope and presentation of information
Th e tactile graphics should bear the following information:  title -the name of the train station,  legend,  a description in Braille alphabet,  subtitles using letters with large chromatic contrasts with the background, designed for the visually impaired,  important elements of the station area and routes free from obstacles along the course of touch paths. In the case of the design for all travellers the diff erent architectural elements can be varied in colours,  drawings should not be complicated and should not contain details,  abbreviations can be used on the map provided explanations of their signifi cance in the legend; 2-letter mnemonic abbreviations will be the easiest to understand and remember [18] ,  touch paths on the plan should be narrow, which enables the blind person to move the fi nger along a specifi c direction on the surface of tactile graphics,  size of the map should be such that the whole map surface could be in reach. According to the experience of Japan, the height of the plan should not be greater than 610 mm, while its width not greater than 1220 mm. Such dimensions allow to keep a fi xed posture while reading the plan by a blind person.
In addition, there should be possible inclusion of sound system on the tactile graphics (descriptions of surroundings in Polish and English).
Th e set of information included on the plan should be simple and easy to understand. A good plan of railway station is one which provides the information that are well remembered even at certain distance from it [6] .
If the infrastructure of the railway station is very complex, the plans for its individual fragments or levels shall be applied. Th is information should be included in the legend, and tactile graphics should indicate where the next plans are placed.
Letters
As a result of hitherto experience and many opinions of blind and visually impaired people, the used font should be deprived of any ornaments of the letters. Th erefore, it is recommended to use sans serif letters (letters without frills) and prohibit the use of italics. Recommended fonts are Arial, Tahoma, Verdana.
Title
Th ere should be an inscription with the name of the station at the top of the map. Th e inscription should be made using both letters and Braille alphabet characters [6] . Th ere should be no other information at tactile graphics, which has no relevance to travel, for example logo of PKP (Polish National Railway) or other facility manager.
Legend
Each plan should contain a key to properly read information on it. It is the legend. Experience shows that the legend should be on the right side of the plan, or on the bottom. Th e fi rst line should have the word "legend". Below this inscription, the fi rst position of the legend should be a graphic sign (usually a dot in a circle or a large dot) meaning "Here you are". Th is designation allows the traveller to determine his position in relation to the surrounding infrastructure. To simplify the search of that graphic sign, it should be larger than the others and indicated with the colour contrasting with the background (this facility is addressed to the people with low vision). Between the legend and the graphic maps there should be several centimetres distance.
If at the railway station there are placed other plans showing the location of the remaining infrastructure elements, their position should be marked for example by triangle on the legend.
Th e material used
Th e blind people using tactile graphic read it by touch. Th erefore, the plan should be made of wearresistant materials. If it is intended only for blind travellers, it can consist of aluminium or brass. Universal plans can be made of plastics, which can have the desired colour. At the same time, the material used should be resistant to mechanical damage and changing weather conditions (for outdoor locations).
Th e plans of railway stations placed outdoors should have such location of tactile graphics that are not being exposed to long-term operation of sun (heat in the summer, icing in the winter). Th at may hinder its use by the blind (too hot touch elements during the summer, icing of the scheme in winter) and fading of colours -the deterioration of legibility for the visually impaired people. Th erefore, the preference should be given to indoor location.
Each plan should be easy to maintain and regularly cleaned of dirt settling from the air. Controls of technical condition should be in place in order to determine whether the plan has not been damaged. Any damage to the elements of touch should be kept repaired.
Universality
Each plan of railway station dedicated "to all" should be designed to combine visual elements (designed for sighted and visually impaired), with touch elements (intended for blind people). For this reason, there should be used: colours with good contrast, large font, legend in Braille, symbols of important infrastructure elements -tactile and visual. Universal maps of railway stations are:  monochromatic (e.g. in the colour of the material of which they were made) -the solution should not be preferred.  coloured (usually made using a colour contrasting with the background) -the preferred solution.
Th e size and the way of exposure According to Poliński study [6] the map size should be related to the information contained herein. Th e Japanese experience says that the map height should not be greater than 610 mm, while its width no greater than 1220 mm. Maintaining such dimensions allows to keep a fi xed posture while reading a map. Due to the height limit of map, Japanese suggest the need of placing any explanations included in the map in horizontal orientation - Figure 1 .
Convenient reading by touch requires proper installation of tactile graphics. As an example, according to Japanese experience the reading of the tactile graphics could be improved by setting them on a special stand. Th e slope of the plan should be between 45 and 85 degrees relative to the horizontal plane. Th e map can also be mounted on the wall. For blind travellers using wheelchair and for children it is particular important. Th e lower edge of the stand must be at a distance of 700760 mm from the fl oor.
In the case of railway stations plans dedicated "to all" that are placed indoors, be aware of their good lighting. Th e lighting parameters should be similar to those used to the wall train schedules. Fig. 1 . Example of tactile graphics -subway station in Japan [18] Rys. 1. Przykład tyfl ografi ki na stacji metra w Japonii [18] It should be emphasized that the observations fi eld in the front of plan should prevent from slipping. Th e tactile graphic should stay cleaned out of snow and ice during winter time in the case it is exposed to the changing weather conditions. Th is also applies to a fi eld surrounding the tactile graphics. Example of proper signage is shown in Figure 2 . 
Location
Location of tactile graphic should be determined prior to its design. It is associated with the correct location of the point "You are here". Proper location of tactile graphic provides its easily positioning, gives the possibility of a direct approach and it's read by touch. Th erefore, tactile graphics should be situated near the main entrances to the building of the railway station, along the main pedestrian routes and at the entrances to the platforms.
Th e practical tip
Recently there has been carried out a lot of modernization works on the Polish railway stations, therefore it is not advisable to take diff erent graphical symbols to designate the same elements of infrastructure and to use diff erent ways of their visualization on the tactile graphs. Th is mistake was already done by marking the danger zone with the warning stripes on the platform. Th at created a new kind of restrictions for the blind travellers. Th erefore, any activity in this area should be arranged according to the pattern: develop the principles and based on that follow all projects [6] .
Examples of used tactile graphics on the polish railway stations
Th e facility plan of Warsaw East Station, modernized due to EURO 2012, was one of the fi rst tactile graphics on the Polish railway station. Th en, similar plans have been placed in the part of the suburban railway station. At the same time the plan was removed from the long-distance part of station. Currently on that part of the station there are tactile graphics for the blind people. Th e fragment of tactile graphic is shown in Figure 3 . It should be noted that the presented plan does not contains the name of the object, which is shown on it. Th e legend was placed in the upper part of the plan. Symbol "You are here" is practically identical to the note fi eld. Furthermore, the subtitles were made by extrusion of the material (concave letters, not convex). Th at makes diffi cult the use of such plan by partially sighted people or by those who do not know Braille alphabet. It is not an universal plan, it narrows the audience to the blind people only. It is worth noting that setting such tactile graphics outdoors, would cause diffi culties to read during the winter time, when water stored in the carved letters would freeze at the temperature below 0°C.
A diff erent type of tactile graphic intended only for blind people was applied at the so-called innovative system railway stations. Th e name of the station was placed on the plan and the fi eld "You are here" was clearly marked Th at signifi cantly facilitated orientation in the station area. An example of tactile graphic for the blind people at the Nasielsk system station is shown in Figure 4 . It should be noted that the legend is provided across the width of the plan and just below the title. Noteworthy is an aesthetic and vandal-resistant stand. Examples of universal tactile graphics at Main Lublin Station, Katowice Station and Main Szczecin Station are presented in Figure 5 .
Th anks to the used colours the presented plans are legible for all travellers. Th e upper part of the plan provides the name of the facility, under which the legend was placed. However, the PKP logo was placed on the map, which does not contribute to the presented content.
Th e above shown tactile graphics are produced by diff erent companies, which advertise their products by emphasizing the contribution of the blind community in their design. Unfortunately, diversity of both graphics used, and symbolism is observed. It is a pity that this heterogeneity does not pay attention of the manager of railway stations, and thus the principal recipient of ordered modernization projects.
Conclusions
1. Commission Regulation EU 1300/2014 [17] does not mention about tactile graphics at the station, as an important element of tactile information for the blind people. However, this does not entitle to ignore the tactile plan as a source of knowledge about the facility or to create it according to diff erent rules. 2. Each tactile graphic depicting a fragment of the railway station or the bus stop should provide information to all travellers both sighted and blind people (tactile graphics dedicated to all). Hence, it should be an universal plan, with. Th at increases readability and facilities its use for visually impaired people. 3. At each plan there should be included the following information:  tactile graphic title;  legend, which the fi rst element is a symbol in- Fig. 5 . Examples of tactile graphics dedicated "to all" Rys. 5. Przykłady tyfl ografi ki "dla wszystkich" dicating its location ("you are here"), and next the location of other map if one exists. Th e legend should be located in the same area of the plan on each tactile graphics;  essential elements of the station site for the travellers;  routes free from obstacles;  subtitles in Braille alphabet and convex inscription letters (not concave);  symbols indicating the location of architectural elements. 4 . Th e sizes of tactile graphics should be such, that the whole surface stays in reach (the size of the tactile graphics should be based on the information contained herein). Based on the tactile graphics existing in Japan, the height of the plan should not be greater than 610 mm, while its width not more than 1220 mm. Keeping to these dimensions allows to maintain a fi xed posture while reading. Because of the height limit of tactile graphics, Japanese suggest the necessity of placing all of the explanations in the horizontal orientation in the legend [6] . 5. On tactile graphics there should be placed only those items that are target directions for traveller. Placing on the map irrelevant information, for example abbreviations without explanation, complex diagrams or long descriptions reduces the readability and makes it diffi cult to remember. A good plan contains easily legible information, which can be well memorized even at a certain distance from it. 6. Touch paths on the plan should be narrow, which enables the blind person to move the fi nger along a specifi c direction on the surface of tactile graphics. 7. Convenient reading by touch requires a suitable installation of tactile maps. Regarding Japanese regulations a well reading could be ensured by placing the map on the adjusted special stand. Th e slope of the touch map should vary between 45 and 85 degrees to the horizontal plane. Th e map can also be suitably installed on the wall. For blind travellers using wheelchairs and for children, the lower edge of the stand must be placed between 700-760 mm from the fl oor. [6, 7] . 8. Tactile maps do not provide complete information on mobility. Innovative solutions can be equipped with special buttons applied on the plans, which pressing starts a sound description of the plan, including particular emphasis on available facilities as well as possible dangers for people with disabilities. 9. Correct location of tactile graphic ensures it is easy to fi nd and to approach directly as well as it is readable by touch. For this reason, they should be placed near the main entrances to the main hall, along the main pedestrian routes, as well as at accesses to the platforms.
10. With regard to tactile graphics designed to all travellers that are situated indoors, be sure to provide adequate lighting. Th e lighting parameters should be similar to those that apply to the wall train schedules. 11. Tactile graphics should be durable and easy to maintain, and regularly cleaned from the settling pollutants of the air. Inspections of the technical condition are recommended, in order to repair any damage that has occurred [6] . 12. It is not advisable to use various graphic symbols to denote the same elements of the infrastructure at the railway station. Th e action should be systematize according to the following: develop a rulesgive them legal status -on their basis carry out the projects.
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